Bivariate wavelets have become powerful tool of image processing. We get a method for constructing bivariate nonseparable compactly supported biorthogonal filters. These filters can generate bivariate nonseparable compactly supported biorthogonal scaling functions and the related wavelets based on the theory of bivariate multiresolution analysis. Finally, we give two simple numerical examples of bivariate nonseparable compactly supported biorthogonal filters satisfying the perfect reconstruction condition.
Introduction
Wavelet analysis (see [1] .) has been proven to be a very powerful tool in harmonic analysis, neural networks, numerical analysis, and signal processing, especially in the area of image compression [2] and noise removal. The theoretical work of orthogonal wavelets was done in the late 1980s [3] and the framework of biorthogonal wavelets was established in the early 1990s [4] . Wavelet theory is closely connected with subband coding, and it provides a functional space structure for subband coding, often leading to better understanding and tremendous improvement.
Univariate wavelets have found successful applications in signal processing. To apply wavelet methods to digital image processing, we have to construct bivariate wavelets. The most commonly used method is the tensor product of univariate wavelets. This construction leads to a separable wavelet which has a disadvantage of giving a particular importance to the horizontal and vertical directions. Much effort has been spent on constructing bivariate nonseparable wavelets in the last ten years. For example, Ayache [5] proposed two methods for constructing bivariate nonseparable compactly supported orthonormal wavelets. The wavelets constructed using one of the methods is called 
The paper is organized as follows. In Section 2, we introduce some notations and briefly recall the concept of bivariate nonseparable compactly supported biorthogonal wavelets. In Section 3, we provide a method for constructing bivariate nonseparable compactly supported biorthogonal wavelets using the dilation matrix . In Section 4, we give the related numerical examples.
Preliminaries
We begin with introducing some basic theory and notations about bivariate nonseparable compactly supported biorthogonal wavelets. Let satisfy the following refinement equation:
where ， is a constant sequence that has finite terms. Define a closed subspace
If is a multiresolution analysis, the function
is called a scaling function of the bivariate multiresolution analysis.
By taking the Fourier transform for the both sides of (1), and assuming ) , ( η ξ ϕ is continuous at zero, we have
is a Laurent polynomial satisfying .
be the dual scaling function satisfying the following refinement equation: 
The biorthogonality condition (4) implies that Now, suppose that another six closed subspaces satisfy
where " + " denotes direct sum of spaces. We say that the compactly supported functions
form Riesz bases of and , respectively, i.e.
If one can get another six Laurent polynomials and
such that the following two matrices 
where the superscript "*" denotes the conjugate transpose of a matrix, and the functions
wavelets, and the six Laurent polynomials and
. Indeed, the biorthogonality relation (7) follows from (8). The condition (8) is called the perfect reconstruction condition in the image processing engineering.
In Section 3 of this paper, we provide our method to construct Laurent polynomials and
such that they satisfy (8). In Section 4, we give the related numerical examples by applying this method.
Construction of bivariate nonseparable compactly supported biorthogonal filters
In this section, we investigate the construction of bivariate nonseparable compactly supported biorthogonal wavelets.
Starting with two Laurent polynomial
Then we have the following result. 
where is the first row of . In the above theorem, we have proved (11) and (15)- (17) into Eq. (18), by using (9), we have
Hence (18) holds. Similarly it can be proved that
satisfy the rest part of Eq. (8). ▌
Numerical examples
According to the study of the above section, if two 
Then it is easy to verify that
By using (10)- (17), we can obtain the following bivariate nonseparable biorthogonal filters 
Conclusions
We introduce some basic theory and notations about bivariate nonseparable compactly supported biorthogonal wavelets at first. Then we obtain a method for constructing bivariate nonseparable biorthogonal lowpass filters and highpass filters. They can generate the bivariate nonseparable biorthogonal scaling functions and the related wavelets based on the theory of bivariate multiresolution analysis. Finally, we give two simple numerical examples. 
